Objective: Nutritional deficiencies are known side-effects of bariatric surgeries, specifically in those that bypass the proximal intestine. Therefore, in clinical practice, vitamin and mineral supplementations are often necessary after such operations. It was our intention to evaluate, whether alimentary deficiencies occur with the same frequency in patients following Sleeve-Gastrectomy (SG) compared to Roux-en-Y Gastric Bypass (RYGB) surgeries. Methods: We conducted a retrospective data analysis of 171 patients (121 RYGB, 50 SG). Vitamin levels were compared between SG and RYGB patients over the first post-operative year. Furthermore, regression analysis was performed with regard to vitamin and iron supplementations and their recommended dosages. Complications occurring within the first post-surgical year were documented as well. Results: Other than vitamin B6 deficiency, which was found to be more frequent in SG patients, there was no other significant difference regarding the type of operation and the number of patients who had these deficiencies. There was no significant difference in average vitamin and iron levels between RYGB and SG. A minimum dose of 1000 IU vitamin D per day was necessary to affect vitamin D levels. The intramuscular administration of vitamin B12 was the only route found to be effective. Complications within the first year were rare. Conclusions: Against common assumptions, vitamin and iron deficiencies in SG patients are not less frequent in the first post-surgical year in comparison to RYGB patients. Standard supplementations should include iron in premenopausal women: Vitamin D at least 1000 IU per day and vitamin B12 i.m. administration in case of a deficiency.
Introduction
Bariatric surgeries are considered to be low risk complications. However, vitamin and iron deficiencies occur more frequently in patients with time after bariatric surgery. The impact of the type of surgery on these deficiencies in former studies has been controversial. In Rouxen-Y Gastric Bypass (RYGB), a small stomach pouch is created. The small intestine is separated by the distal ligament of Treitz and the distal intestines are connected by anastomosis with the stomach pouch. The pancreaticobiliary limb is joined approximately by 100 -250 cm distal of the stomach pouch thereby causing nutrition to bypass the proximal intestines. On the contrary, in Sleeve Gastrectomy (SG), mostly the gastric volume is decreased, therefore, nutritional deficiencies are mainly expected in RYGB. In our study, we have investigated a group of obese patients (n = 171) undergoing the two most common types of bariatric surgeries (RYGB or SG), with regard to the prevalence of iron and vitamin deficiencies one year after the procedure, as well as the postsurgical complication rates in our patients.
Patients and Methods
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The authors declare no conflict of interest. Informed consent was obtained from all patients. # Corresponding author. undergone either RYGB or SG and had attended our interdisciplinary obesity outpatient clinic for follow-up between September 2010 and September 2011 (n = 330). Patients who underwent two bariatric operations during the follow up period (such as the conversion from SG into RYBG) were excluded (n = 6).
To provide reasonable comparability between the cases, patients who did not attend the outpatient clinic postoperatively between months 10 and 14 were also excluded from the analysis (n = 153). If a patient attended the clinic more than once during this time interval, the visit closest to surgery was chosen. However, followup visits were recommended to both groups in the following periods: 3, 6, 9, 12, 18 and 24 months postoperative, followed by yearly visits for life-time.
A population of 171 patients were examined concerning baseline data, complications of surgery, and vitamin and iron deficiencies. Data was collected using electronic patient files. Vitamins and iron deficiencies were defined according to the normal range provided by the clinical laboratory of our hospital: Iron deficiency = Ferritin < 22 µg/l, vitamin B12 deficiency = vitamin B12 < 197 ng/l, vitamin D deficiency = 25(OH)D3 < 20 µg/l, vitamin B1 deficiency = vitamin B1 < 80 nMol/l, vitamin B6 deficiency = vitamin B6 < 7.5 µg/l.
Our Average vitamin and iron levels in the two groups with different types of surgeries were tested using t-tests, the number of patients with deficiencies in both groups using chi-square tests. Testing for independent variables of vitamin and iron deficiencies were performed using linear regression models of SPSS (Figure 1 ).
Results
Patient characteristics are presented in Table 1 . The body There were significantly more male patients in the group treated with SG (male: 30%, female: 70%) compared to those with RYGB (male: 11.6%, female 88.4%).
Pre-and post-operative mean BMI was higher in patients with SG in comparison to those with RYGB (RYGB-BMI-decrease: 48.8 ± 7.1 kg/m 2 ->33.0 ± 6.0 kg/m 2 ; SG-BMI-decrease: 55.8 ± 9.2 kg/m 2 -> 41.3 ± 7.6 kg/m 2 ). Both groups did not show a statistically significant difference in age (42.8 ± 10.4 years RYGB vs. 45.5 ± 11.2 years SG).
Iron and vitamin deficiencies, as well as average vitamin levels and further complications within the first postoperative year are presented in Table 2 and graph 1. Iron deficiency was the most frequent to occur after the first post-operative year (22.9%). Other than vitamin B6 deficiency, which was found to be more frequent in SG patients, there was no other significant difference regarding the type of operation and the number of patients who had these deficiencies. In addition, there was no significant difference in average vitamin and iron levels between RYGB and SG.
Hair loss was the most frequent complication and occurred in about two thirds of all cases within the first post-operative year. However, the frequency differed significantly between the different types of surgeries (p < 0.05). About 75% of RYGB-patients reported hair loss, whereas only 50% of SG-patients did. All other complications were rare, and statistical significance between the two groups was not reached (graph 1).
Additionally, we investigated the influence of alimentary supplementations as well as the influence of type of surgery on iron and vitamin levels one year after the operation by regression analysis ( Table 3 ). The type of surgery had no influence on any of the deficiencies. However, ferritin levels were related to age, sex and iron supplementations (p < 0.05). Lack of vitamin B1 and B6 were not related to supplementations, while vitamin B1 significantly correlated with age. However, 25(OH)D3 levels showed a clear positive association with vitamin D supplementations and this was dose-dependent. At least 1000 IU of vitamin D per day were necessary to show a significant effect on vitamin D levels. This association was even higher if replaced with 20,000 IU per week. However, 400 -600 IU of vitamin D were found not to be sufficient to prevent vitamin-D deficiency. A similar association was found for vitamin B12. Only the intramuscular route supplementation of vitamin B12 was found to have a significant effect on improving vitamin B12 deficiency.
Discussion
RYGB and SG are both considered effective and safe treatments for obesity [1] .
Nutritional deficiencies are common in the post-operative phase of such surgeries and are often not considered as complications, but rather as expected side-effects [2] . The Clinical Practice Guidelines of the Endocrine Society suggest long term mineral and vitamin supplementations in all patients undergoing bariatric surgery with detailed recommendations for all affected vitamins [3] . Relation of sex and age in regression models for ferritin, as seen in our patients as well, is likely to be due to lower ferritin levels in young pre-menopausal women. The prevalence is about 30%. Therefore, in addition to multi-vitamin supplementations, general prophylactic iron substitution should be recommended in all premenopausal women after bariatric surgeries [4, 5] . Despite a statistically significant higher rate of men in the group with SG, there was neither a significantly higher percentage of patients with iron deficiency in the RYGB group, nor a significantly higher mean iron level in the SG group. This finding supports the thesis that, against common assumptions, RYGB does not lead to iron deficiency more frequently.
Recent data suggests that vitamin B12 deficiency is a common complication after RYGB with a prevalence between 8% and 80% [6] [7] [8] [9] [10] . Optimal supplementation dosage and type of supplementation has not been investigated in depth [3] . Our data illustrated that oral substitution of doses included in conventional multivitamin tablets (in our study 2.5 µg one to two times per day) did not have a significant effect on vitamin B12 levels, whereas, intramuscular vitamin B12 supplementation correlated with a significant increase in vitamin B12 levels.
According to our clinical experience, there is poor patient compliance with additional oral vitamin B12 doses. Therefore our recommendation for vitamin-B12-deficient patients is the monthly intramuscular dose. Whether oral The Endocrine Society with strict compliance) was not investigated in our data. According to the current literature, vitamin B1 deficiency can occur within the first year after bariatric surgery and can lead to severe neurological consequences [11] [12] [13] [14] . However, none of our patients developed thiamine deficiency in the first postoperative year. This finding is consistent with a prospective study about nutritional deficiencies in SG compared to RYGB surgeries. The authors did not find vitamin B1 deficiencies in either group (n = 136 patients), up to 36 months after surgery [15] . According to The Endocrine Society Clinical Practice Guidelines, supplementations should be administered parenterally once neurologically symptomatic. However, as early recognition is necessary to avoid complications, for example, caused by dextrose infusion, one should consider thiamine deficiency especially in case of postoperative vomiting and initiate appropriate treatment when necessary.
In addition, despite being substituted with ten times the dosage of the recommended oral vitamin B1 intake, none of our patients had significantly higher vitamin B1 levels. The same was observed regarding vitamin B6 levels.
Vitamin D deficiency is common in obese patients and might lead to diseases such as osteoporosis and its associated complications [16] . However, our data confirmed that daily supplementation with at least 1000 IU vitamin D or even weekly supplementation with 20,000 IU has a significant positive effect on vitamin D levels. Patients who substituted other formulas of vitamin D, with a lower daily dosage did not show significantly higher vitamin D levels. This should encourage therapists to ensure that patients take at least the recommended daily dosage of 1000 IU in order to increase the levels or prevent vitamin D deficiency.
Preoperative nutritional deficiencies are common in morbidly obese patients [15] .
In a randomized clinical trial that compared SG to RYGB nutritional deficiencies occurred at the same rate in both groups except for vitamin B12 deficiency which was more common after RYGB [17] . There was even data pointing towards a positive effect of SG as well as RYGB on the post-operative increase of vitamin D levels [18, 19] .
In a recent study, one clear comparison between preand post-operative nutritional status between SG and RYGB was performed [15] . The referred study showed, consistent with our results, that post-operative vitamin D3-deficiency was frequent in both groups, but significantly more in RYGB, which was not the case in our results. Equally to our investigations, there was no patient suffering from vitamin B1 deficiency. Vitamin B6 deficiency was frequent in our patients on the contrary to the referred analysis. Our data illustrated that after one year vitamin B12 deficiency was not found to be frequent, however, it was quite common in the patients investigated by Gehrer et al. The rate of vitamin D-deficiency was statistically higher in post-operative patients with RYGB compared to SG in the referred study, however, that was not established in our data. Further comparisons exist regarding malnutritional differences between RYGB and biliopancreatic diversion [18] . Since the need for life-long supplementations after RYGB is a frequent concern before bariatric surgery, SG should not be recommended over RYGB with the intention of preventing malnutrition according to our data. A study comparing vitamin D levels between both types of surgical interventions showed that pre-and post-interventional mean 25-OH-D3-levels were within normal range in both groups, while showing significant increase of levels after surgery only in SG-patients [19] . These findings, against our results, point towards an advantage of SG concerning vitamin D and therefore, bone metabolism in comparison to RYGB.
The overall complication rate was low in the cohort study. Complications directly related to the surgical intervention occurred in less than 1% of patients. No significant association was found between complication rate and type of surgery, except for hair loss. Hair loss was significantly greater among patients undergoing RYGB than SG-patients. This might be most likely due to more significant effect of telogen effluvium with RYGB given added stress of higher rate of weight loss and more invasive procedure of RYGB vs. SG.
Post-operative gallbladder stones were seen with a lower frequency than in the average population. Since symptomatic gallbladder stone formation is generally a problem during weight loss and as previous studies showed a much higher incidence rate, we assume that our observation is mainly due to the prophylactic use of ursodeoxycholic acid (UDCA, 500 mg/day) in all patients for at least 6 months following surgery. Up to our knowledge, there is only one publication comparing the use of UDCA following bariatric surgery prospectively [20] . Our data confirmed the observation of Miller et al., and we therefore, strongly recommend the prophylactic use of UDCA in all bariatric patients for a minimum postoperative period of 6 months.
Due to the loss of pyloric control, dumping is mainly considered to be a complication of RYGB. However, after SG gastrointestinal motility might be altered and regular transit of food into the duodenum can be impaired. Interestingly in our study, the prevalence of postopera-N. SAUER ET AL. 552 tive dumping was not different between RYGB and SG. Recent data showed that late dumping scores increased gradually with time up to 12 months after SG, as well as hypoglycaemia [21] . Further data report postprandial hyperinsulinemic hypoglycaemia in some cases up to 2 years after surgery [22] . Therefore, it is possible that other long-term complications can occur, but are not emphasized in our analysis, as our data were collected for one year following the bariatric surgery.
Conclusion
Against common assumptions, vitamin and iron deficiencies in SG patients are not less frequent in the first postsurgical year in comparison to RYGB patients. Standard supplementations should include iron in premenopausal women: Vitamin D at least 1000 IU per day and vitamin B12 i.m. administration in case of a deficiency. Regular oral intakes of vitamin B1 and B6 in addition to routine multi-vitamin supplementations were found to be ineffective in preventing vitamin deficiencies.
